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Abstract 
The scientific community acknowledges that the load carried in backpacks by elementary and middle school students is a critical 
point and a risk factor for the onset of back pain in children and adolescents, and that this symptom can last in the adulthood. 
There is a discussion about which is the load that represents less risk, 10 % versus 15 % of body weight. This cross sectional 
study aimed to evaluate the load carried by students in primary and secondary state schools, in Brazil and quantifies the 
percentage established between backpack weight and body mass of these young people carry every day. For data analysis were 
used descriptive statistics methods and inferential statistics methods such as t-Student test, analysis of variance (ANOVA) and 
Tukey-test for multiple comparisons. A significance level of 0.05 was considered. Participated in this study 916 students of both 
genders. The age varies from 10 - 19 years old and mean age of 14,12 (± 2,11 SD). 59,06% carrying bag over 10% of body mass, 
with the load ranging from 10, 02 to 33,43% (average 13,84 ± 3,48 SD). It was observed that younger students, female and those 
who opted for the backpack model designed dorsal attachment tended to carry a load higher than 10% of his body weight. 
24,45% students complain of back pain and shoulder. Data confirm the use of a cutoff of 10 % of body weight for the safe use of 
backpacks for all school levels.  It was concluded that the load carried by the study population is inadequate from the point of 
view of biomechanics and ergonomics, especially for younger individuals and females, since they are in growth phase, and that 
the overhead exposes them to greater risk of spinal injuries, with consequent repercussions in adulthood. 
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1. Introduction 
The ergonomics’ scientific community has been called his attention to the problem of load carried in backpacks 
by elementary and middle school students. There is a discussion about what is the lower risk charge, 10% versus 
15% of the body weight. Discussions about the complexity of the tasks in the classroom and student interaction with 
the transportation of school supplies are based in studies developed by ergonomics, anthropometry and 
biomechanics. 
These students meet a daily routine of carrying material transport during the school period, comprising the steps 
of elementary and secondary education, and at this routine, the backpack is the most used to carry the material. 
Paradoxically, the same backpack that apparently was designed to become ease and comfortable the home school 
route may bring to children and teenagers serious posture deviations. Thus, individuals who use backpacks with 
dorsal scapular or fixture design can present a set of postural changes that initiate significant damage to 
musculoskeletal structures due to postural adjustments and compensatory actions that arise on the application of 
unbalanced load [1]. Postural deviations have been considered as a serious public health problem, given a large 
impact on the population, bringing a permanent or temporary disability [2, 3, 4]. Recent studies have identified also 
that the load carried in backpacks, represents a critical point and can be a risk factor for the onset of back pain in 
children and adolescents, and that this symptom can last into adulthood [5 6, 7]. This is a global concern and that has 
led researchers in the world to develop studies to define  the load value which can be supported by young people, in 
order to avoid changes in both stance in gait pattern. When the backpack load is greater than the carrying capacity of 
the muscle groups, there is overhead, reflecting the spine, causing pain, structural changes or dysfunction [8,9]. 
Special attention has been paid when the weight is more than 15% of their body mass. According to the Italian 
Backpack Study, in Italy students carry backpacks with 22% of their body weight, and 34.8% of them carry 
backpacks with weight corresponding to 30% of their body weight, at least once a week, exceeding even the 
proposed limits for adults [8]. Ramprasad et al. [10] conducted a cross-sectional study with Indian students, aged 12 
to 13 years, to evaluate postural changes using the school backpack with loads of 5, 10, 15, 20 and 25% of students’ 
body mass. They found that when carrying backpack with a load of 15% of body weight  major changes occurs in 
angles of the head, neck, trunk, lower limbs, and hence, affect the posture by a general way. Several researchers 
estimate that the maximum weight of school supplies transported daily in school bags, should be 10% of body mass, 
because the time spent carrying the backpack as well as its weight are important factors that favor the postural 
deviations and back pain appearance. 
All of these findings can be considered a bleak prediction for students who currently have reported complaints of 
back pain. Under this context, several countries have focused efforts on public health regarding prevention of 
postural changes, particularly scoliosis and kyphosis in children and adolescents. The teachers and parents 
monitoring is especially important in correcting these gaps at the proper time,  in order to avoid the problem’s 
growth and hence, the development of irreversible deformations. To know the relationship between body mass and 
the backpacks load, as well as, quantify the weight of transported material, will allow us to identify risk factors for 
postural deviations and future complications. The detection of these factors that contribute to postural changes at an 
early stage may result in prevention noticeable aesthetic abnormalities, pain and cardiopulmonary and 
neuromuscular complications and lower final cost of treatment [11, 12]. In Brazil there are few references to the 
load value to be transported through school bags, without damage to the children’s health. Due to the relevance of 
this subject an emphasis on reducing the weight of the school bag has been given. Preventive actions in educational 
context like: organization of the curriculum in order to reduce the material of daily use, disposal cabinets and 
enactment of state laws and municipal regulation with the maximum weight of school materials to be  transported, in 
order to contribute to the improvement of individual and collective health. 
Therefore, the present study aims to evaluate the load carried by students of primary and secondary education in 
state schools and quantify the percentage established between weight of the backpack and body mass that these 
young people carry daily. The aim with this study is to contribute in order to claim prophylactic treatment of 
attitudes, or primary prevention. The weight of the backpack to exceed 10% of body mass becomes a relevant topic 
for research, since it is not enough studied in Brazilian literature. 
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2. Materials and methods 
Considering that this study involves collection of data from humans, although non-invasively, the procedures 
used as described by the National Health Council, under Resolution 196-1996 [13] and in the standard of Ethics 
ERG BR 1002 [ 14]. The project was approved by the Ethics Committee on Research of the University of Sagrado 
Coração / Bauru (SP), protocol n.099 / 10, 02 September 2010. To carry out this study were chosen state schools in 
city of  Vespasiano / Minas Gerais State which could had, both,  the elementary and high school levels. Were 
selected by a geographic distribution criterion in the urban area of the city, six schools to participate in this study. In 
each school was chosen by a random way, one class at a primary and secondary school. Students were previously 
informed about the proposed research protocol, adherence to the study voluntarily. Delivered to the students a 
Consent and Informed (IC), which was signed by their legal guardians. 
2.1. Procedures 
To collect more accurate data on the body mass of the student and weight of the material, a location was chosen 
with smooth surface for proper placement of the digital scale, the Plenna Slim brand, MEA model - 02510, with 
capacity of 0 -150 kg and 100g precision, calibrated properly. It was established as criteria students to be weighed 
should be wearing the gym uniform, standing erect in the center of the scale, with arms parallel to the body, 
barefoot, eyes fixed on the horizon, without moving and without accessories that could change the total body mass 
(Figure 1). An assessment of the participants when the body mass measurements and weight of the material was 
obtained in a single sample was taken. Both school supplies as students were weighed on the same scale. After 
performing the weighting procedure, students were interviewed about the presence of pain, local, symptom onset 
time, whether that pain was related to the transport of the backpack, visit to the doctor, means of locomotion home / 
school / home model used for the transport of school supplies (backpack and type). 
Fig 1: Weighting procedure - a. With Backpack – b. Without backpack. 
2.2. Statistical Analysis 
For data analysis, in the beginning, were used descriptive statistics techniques such as mean, standard deviation 
(SD) and percentage rate (%) and subsequently were employed inferential statistical methods such as t-test, analysis 
of variance (ANOVA) and Tukey's test for multiple comparisons. All statistical tests were used considering a 
significance level of 0.05. Data were analyzed using SPSS for Windows in version 10.00 (SPSS Inc.). 
2.3. Characterization of individuals in the sample 
The study included 916 students, of which 610 (66.59%) of elementary school and 306 (33.41%) of high school, 
of state public education institutions. The sample consisted of a total of 496 female students (54.15%) and 420 
(45.85%) male. The age range was 10-19 years (mean 14.12 ± 2.11 SD). The body weight ranged from 23.40 to 
105.50 kg (mean 51.42 ± 12.25 SD) and the weight of the backpack varied from 1.20 kg to 12.90 kg (mean 5.46 kg 
± 1 71 SD). 
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3. Results 
The study in selected state schools, with 610 students (66.59%) of elementary school and 306 (33.41%) of high 
school, about the weight transported by them, in their backpacks, it was found that 496 ( 54.15%) belong to the 
female and 420 (45.85%) were males. Ages ranged from 10 to 19 years (mean 14.12 ± 2.11 SD). Body weight 
ranged from 23.40 to 105.50 kg (mean ± 12.25 SD 51.42) and the absolute weight of the backpack ranged from 1.20 
kg to 12.90 kg (mean ± 5.46 kg SD 1.71). (Table 1). 
Table 1. Descriptive analysis of the variables age, backpack weight, body mass and backpack weight percentage for the total population. 
Variables Mínimum Maximum Mean    Median SD 
Age (years) 10 19 14,12     14,00 2,10 
Backpack weight(Kg) 1,20 12,90 5,46      5,30 1,71 
Body weight (kg) 23,40 105,50 51,42     50,35 12,25 
N Valid 916     
Loss 0     
 
From these data, it was observed that 541 (59.06%) students, aged between 10 and 18 years (mean 13.71 ± 2.07 
SD), carrying backpack overweight load ranging from 10.02 to 33.43% of body mass (mean of 13.84 ± 3.48 SD), as 
shown in table 2. 
Table 2. Descriptive analysis of the variables age and backpack weight percentage.  
     Variables Mínimum Maximum Mean Median SD 
Age (years) 10 18 13,71 14,00 2,07 
Backpack weight (%)  10,02 33,43 13,84 12,98 3,48 
N Valid       541    
Loss         0    
 
Of the total sample, 412 students carrying backpacks with 10.02 charge to 15% of their body mass, 92 carry 
backpacks with 16-20% weight of its mass, 31 lead loading 21-25% and 6 students carry load of 26-33% of their 
body mass. As can be seen in Figure 2 is shown the backpack percentage by user age. It is observed that about 70% 
of individuals aged 10, 11 and 12 years tended to carry a higher load to 10% of their body weight, while about 50% 
of students at age 13, 14, 15 and 16, had mean cargo transported above or equal to 10% of their body mass. The 
individuals aged 17 to 18 had mean cargo transported less than 10% of body mass. All students aged 19 had cargo 
average values of less than 10% of body mass (p <0.05; p = 0.000). 
Fig. 2. Relationship between backpack weight and age. 
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Fig. 3. (a) Relationship between percentage of the backpack weight and gender; (b) Relationship between transportation and percentage of the 
backpack for total population. 
Figure 3 shows a percentual comparison of  backpack weight in relation to body mass and the relationship 
between transportation and percentage of the backpack for total population, split by gender, for the total sample. 
Comparing the percentage in relation to gender, it was observed that the average percentage of transported weight 
related to the body mass for females is significantly higher than males (p = 0.000). The second it is the means 
chosen by the students for the transportation of school supplies were in the forms of binder, dorsal attachment 
backpacks and shoulder fixation. The population evaluated in this study, 809 (88.32%) use the backpack with dorsal 
attachment design as a means of transport, 49 (5.35%) use the fixing backpack model scapular and 58 (6.33%) are 
Binder use to transport school supplies. Comparing the backpack weight percentage in relation to the design of the 
form of the teaching material transport, it was observed that there is a statistically significant difference (p = 0.000): 
the backpack weight percentage is significantly higher in the backpack model dorsal attachment when compared to 
the binder and the scapular bag (p <0.05). 
As can be seen in the analysis of the Figure 4, the population represented in this study, 224 (24.45%) students, 
aged 10-19 years (mean 14.22 ± 2.20 SD), reported complaints of pain on the back and shoulders, with a minimum 
of two and maximum of 72 months (mean 2.66 ± 6.97 SD), the onset of symptoms. In this context, 166 (74.1%) 
belong to the female and 58 (25.9%) were males. Comparing the complaint of pain in relation to gender, this was 
statistically significant for females than males (p = 0.003). However, comparing the percentage of the backpack and 
age with the presence of pain, it was observed that there was no statistical significance between the presence or 
absence of pain (p = 0.361). It should be noted also that the most of students, in spite of to relate the muscle pain to 
the transport of their backpacks, they are facing this reality as normal and assuming a resigned attitude. Of the 
 
Fig. 4. Relationship between percentage of the backpack and complains of back pain and shoulder. 
a b 
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Fig. 5. Relationship between means of transport and backpack percentage to total population. 
students who showed symptoms of pain, only 11 (4.9%) had previously made medical consultation in relation to the 
complaint; of these, six (54.5%) were in preventive treatment for scoliosis. 
Figure 5 At this figure can be seen a comparison between the means of transport used by students for 
displacement home / school / home: 595 (64.96%) carry out the route on foot, while 321 (35.04%) do so through 
vehicles (car, van or bus). There is a relationship between itinerary and weight of school supplies. Comparing the 
backpack percentage relative to the means of transport used by the students, it was found that students who perform 
the walking route had mean load carried significantly higher than students who use vehicles (p = 0.003). When 
comparing the means of displacement for the presence of pain was observed that there is a statistically significant 
difference (p = 0.000), as the complaint of pain among the students who undertake the journey on foot, is 
significantly higher than those who make by vehicles. 
4. Discussion 
Heavy school bags can contribute to constant postural changes and can initiate a harmful process in the spine of 
the students. 
According to Connolly et al. [15] in a comparative march study with backpacks in 32 children aged 12-13 years, 
the gait pattern was changed with a load of 15% of body mass. Pau et al. [16] evaluated 356 children aged between 
6-10 years, under conditions of static upright posture, to assess the magnitude and characteristics of the effects 
originated by the load carrying on the ground reaction force on the foot during transport of school bags. The data 
collected showed that backpacks with loads of up to 10% of body mass occasioned significant increases in total foot 
contact area, while backpacks with load 20-30% occasioned significant increases in plantar pressure in the forefoot. 
The same authors suggest that heavy loads, in significant exposure time, can increase the risk of incidence of pain in 
the foot and acting as a cofactor in the onset of changes in the foot structure or pathologies associated with the spine. 
Reneman et al. [18] conducted a review of the professional literature and found that there are changes in body 
posture, the gait pattern and increased respiratory rate as children carry backpacks with load above 15% of body 
mass. In the present study, it was found that 541 (59.06%) students carrying backpacks that weighed on average 
13.84% of their body mass. In that sample, 412 (76.15%) students carrying backpacks with 10.02 charge to 15% of 
their body weight, 92 (17%) students carrying backpacks with 16-20% weight of its mass, 31 ( 5.73%) led load 21- 
25%, and six (1.11%) students were carrying load 26-33% of their body mass. These data exceed the values 
established by state law of Minas Gerais, No. 12683 / 97, which states that the weight of school supplies to be 
transported by school students from public and private schools may not exceed 10% of their body mass. These 
findings partially corroborate with Negrini et al. [19,20] who found that a daily average load carried by 237 Italian 
students of 12.74% of body weight during the week; With Lopes [21] who found that the average weight carried by 
563 students in the Greater Porto in Portugal, was 15% and with Moore et al. (2007) [22], which weighed 531 
children, aged 8-18 years, and their backpacks, in Northern California, and found average load carried by 11.8%. In 
the present study it was observed that students under age ha to a trend to carry load higher than 10% of their body 
mass. Similar results were found by Costa et al. (2005) [3], Devitta et al. (2003) [23] and Young et al. (2006) [24]. 
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According to the literature on the subject, the chance of developing postural changes increases with the decreases of 
age, due to the fact that the bone and muscle-ligament systems and still are under development. Karen et al. (1999), 
conducted a study covering a school population of 1,049 individuals, aiming analyzing the effects of weight carried 
in backpacks on adolescents’ posture. They found a significant change in the spinal-skull angle in all individuals of 
the sample, compared to posture with and without backpack and the largest changes were found in the younger 
students. 
Through this study in relation to gender, was show that the female, statistically, transports loads with more than 
10% of body weight when compared to males. These results confirm data reported by Siambanês et al. (2004) and 
Moore et al. (2007) [22], but, in opposition to the studies by Rebellato et al. [26] with 197 children 8-14 years of 
age, enrolled in private schools in the city of São Carlos, whose purpose was to verify the influence of the school 
material weight on the posture and the spine of children; in this study, the authors found the prevalence of males to 
transport an overload. The same was found by Costa et al. (2005) [3] and Devitta et al. (2003) [23]. There is no 
reason to justify this finding. The load has two physical characteristics which influence the efficiency of transport, 
namely, the weight and shape of the load. The transported object design implies directly in the way of transporting it 
and consequently in energy expenditure and biomechanical changes [2]. Comparing the model of transport 
backpacks of school supplies, it was observed in the present study, the dorsal attachment design, was the most used 
by individuals in the sample, and also what else was related to loads higher than 10% of students’ body mass. Hong 
and Cheung (2003) [27] examined the kinematic behavior of the spinal column during loading of packs two handles 
(back fastening) and found increased anterior trunk tilt when the loading of bags was 15% to 20%. Moreover march 
with load of 10% or no load, did not show a significant gradient. 
Rebelatto et al. (1991) [26] in their study also observed that children carrying school supplies with the use of 
backpacks with upward fixation perform anterior flexion of the trunk with increased lumbar muscles demand and 
compression between discs at level L5 -S1, and those using scapular fixation backpacks perform trunk side slope 
with lower compression between discs compared to the dorsal attachment. However, both may determine pains due 
to metabolic changes in muscle tension and the spine. Pascoe et al. (1997) [28] suggest that the transport of the 
backpacker's with your weight distributed evenly by the two shoulders, is a very efficient method, in energy terms, 
compared to any other way to transport the teaching material. Sheir-Neiss et al. (2003) [29] conducted a cross-
sectional study followed by a longitudinal study, which aimed to investigate the relationship between the use of 
school backpack and back pain. According to the authors, the prevalence of nonspecific pain in the dorsal region 
increases greatly according to age: from 10% in preadolescence to over 50% in adolescents aged 15-16 years. It is 
widespread and disturbing the concept that heavy backpacks loaded for teens, contribute to the development of back 
pain and shoulder. Of the population represented in this study, 224 (24.45%) students reported complaint of back 
pain and shoulder with a minimum of two months of onset of symptoms. In this context, 166 (74.1%) belongs to the 
female and 58 (25.9%) were males. Comparing the complaint of pain in relation to gender was statistically more 
significant for females than for males.    
However, comparing the percentage of the backpack and age with the symptom of the presence of pain, it was 
observed that there was no statistical significance between the presence or absence of pain. ). It should be noted also 
that the most of students, in spite of to relate the muscle pain to the transport of their backpacks, they are facing this 
reality as normal and assuming a resigned attitude. Of the students who showed symptoms of pain, only 11 (4.9%) 
had previously made medical consultation in relation to the complaint; of these, six (54.5%) were in preventive 
treatment for scoliosis. 
5. Conclusion 
The present study found that 59.06% of students enrolled in state educational institution had a load carried in 
backpacks over 10% of their body masshe More than  excess of didactic material carried in backpacks, were 
identified the presence of back pain and shoulder in 24.45% of the evaluated students. It can be concluded, then, that 
the load carried by the population is inadequate, from the biomechanical and ergonomic point of view, especially for 
younger and female individuals, since they are in the growth phase, and this overload exposes them to an increased 
risk of spinal injuries, with consequent impact on adult life. 
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These data are of great importance in the preventive aspect, for the population studied, as well as others of the 
same age, so that they can be advised as to avoid these risk factors. The data confirm the use of cutting 10% of body 
weight for safe use in load carried in backpacks for all grade levels.  
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